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Why do rabbits ingest their feces ?
Ei Sakaguchi
(Laboratory of Animal Nutrition)
　The utilization of dietary energy and protein must depend on microbial activity in the gut in every 
herbivore. For animals adopting the cecum as a microbial habitat, from the viewpoint of the protein 
utilization, the position of the cecum in the digestive tract is less advantageous than that of foregut 
fermenters. As a solution to this problem, cecum fermenters perform cecotrophy in order to utilize 
microbial protein proliferating in the cecum. Cecotrophy is supported by the mechanism that separates 
microbes from digesta in the colon, sends them back into the cecum and promotes microbial 
proliferation in the cecum. The colonic separation mechanism can be classified into two types. One is 
the mucus-trap type separation of bacteria with mucus from digesta in the proximal colon of rodents. 
The other is the wash-back type separation of particle phase of the colonic contents and liquid phase 
containing microbes in the colon of rabbits. For microbes guaranteed to inhabit the cecum under 
colonic separation mechanism, it is necessary for them to obtain sufficient nutrients for survival and 
proliferation. The source of nitrogen is easily obtained as urea transfered from the blood flow. On the 
other hand, the energy source is considered to be the limiting factor for bacterial proliferation due to 
the limited amount of easily usable energy source. In fact, cecal microbial proliferation of rabbits and 
guinea pigs increases when adding indigestible but fermentable sugars to the feed. As a result, the 
amount of cecotrophy increases, and the percentage of nitrogen accumulation in the body tends to 
increase.
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Table 1 Digestibility of fiber component in various herbivores fed on grass containing diet
Diet and fibrous component estimated digestibility
(a) (b) (c) (d) (e) (f) (g) (h) (i) (j) (k) (l) Mean
Foregut fermenter
Cattle 50.7 56.4 60.1 55.7
Sheep 50.4 46.3 50.1 50.1 67.4 50.0 52.4
Hindgut fermenter
Horse 36.7 33.4 54.4 34.7 39.8
Pony 36.6 38.1 37.4
Pig 39.7 43.8＊＊ 39.7＊＊ 41.1
Mara 38.4 38.4
Nutria 41.9 41.9
Rabbit 19.9 6.9＊ 31.4 18.1 10.4 17.3
Hyrax 41.0 41.0
Guinea pig 38.2 39.0 30.7 33.6 44.3 37.2
Degu 34.9 34.9
Rat 20.9 1.5＊＊ 20.9＊＊ 13.7 14.4
Hamster 23.8 23.8
Leaf-eared mouse 24.4 24.4
(a) Over10%, crude fiber8) ; (b) Timothy grass 100%, crude fiber, ＊Timothy grass 50%, crude fiber9) ; 
(c) Alfalfa 100%, cellulose10) ; (d) Alfalfa 100%, cellulose11) ; (e) Alfalfa 50%, cellulose12) ; (f) Orchard grass 
100%, ＊＊50%, cellulose12) ; (g) Alfalfa 100%, **50%, cellulose12) ; (h) Alfalfa 100%, crude fiber13) ; (i) Alfalfa 

































Fig. 1 Schematic models of digesta flow in the cecum and proximal colon. 
(A) is the model of no selective retention of digesta. Fluid and particle digesta move together through the whole gut. The 
colon in the animal adopting this model has a separation mechanism which is called mucus trap type. Bacteria migrate from 
digesta to mucus, which moves then in to furrow. The mixture of mucus and bacteria in the furrow is transported to oral 
direction by antiperistaltic movement of the furrow. (B) is the model of selective retention of fluid digesta in the cecum. 
Fluid digesta is transported from proximal colon to the cecum by the colonic separation mechanism which is called wash-
back type. Fine particle digesta and bacteria with fluid phase are squeezed from the large particle phase, then they are 
















































































































































































Table 2 Type of colonic separation mechanism and concentration of crude protein in soft and hard feces in some small hindgut fermenters
Animal Type of separation
Crude protein level (% of dry matter)
Diet Soft feces Hard feces
Mouse35) Mucus trap† 26.2 22.9 18.1
Guinea piga) Mucus trap† 18.6 19.4 12.5
Nutria45) Mucus trap† 15.4 19.1 13.4
Rabbit47) Wash-back‡ 19.8 39.8 13.6




















































Table 3 Digestibility (%) of timothy fiber in cattle, goats, sheep, horses and rabbits9)
Animal species NDF Cellulose Hemicellulose Lignin DM
Cattle 51 53 57 21 52
Goat 44 46 49 19 49
Sheep 44 46 49 15 48
Pony 37 37 42 21 45
Horse 33 33 40 11 42
Rabbit, large (＋)  7  4 11  6 52
Rabbit, large (－)  9  7 13  6 51
Rabbit, small (＋) 11 10 12 14 53
Rabbit, small (－) 11  9 13 10 52
NDF : neutral detergent fiber ; DM : dry matter ; (＋) : Permitted coprophagy ; (－) : Inhibited coprophagy
Table 4 Effect of dietary starch and fiber on the cecal concentration of short chain fatty acids (SCFA) in rabbits
Diet Acetic acida) Propionic acida) Buthylic acida) Total SCFA
High starch57) 36.3a) 5.7a) 13.6a) 55.6a)
High fiber57) 24.0a) 4.3a)  6.3a) 34.6a)
18% starch，17% crude fiber58) 24.7b) 6.2b)  3.3b) 34.2b)
20% starch，14% crude fiber58) 61.3b) 5.8b) 16.6b) 83.7b)
35% starch，10% crude fiber58) 52.4b) 5.2b) 17.3b) 74.9b)



























































































Alfalfa meal Permitted 64.9 1.10
Alfalfa meal Prevented 50.8 0.93
Soya cake Permitted 76.9 0.78
Soya cake Prevented 64.0 0.65
Fresh grass Permitted 77.6 0.78






























Fig. 2 Schematic nitrogen flow involved in cecotrophy in rabbits.
Black arrows are nitrogen flows. Red or violet arrows show the effect of intake of indigestible and fermentable sugars 













































































引 用 文 献
１) Demment MW and Van Soest PJ : A nutritional explanation 
for body size patterns of ruminant and non-ruminant herbi-
vores. Am. Natural., 125，641-667 (1985)
２) Van Soest PJ : Nutritional Ecology of the Ruminant, 2nd Ed. 
Cornel University Press, Ithaca, NY (1994) 
３) Sakaguchi E, Becker G., Rechkemmer G. and v. Engelhardt 
W : Volume solute concentration and production of short-chain 
fatty acids in the cecum and upper colon of the guinea pig. 
Zeitshrift für Tierphysiol. Tierernähr. Futtermittelk., 54，
276-285 (1985)
４) Kleiber M : Fire of life. John Wiley, New York (1961)
５) Smuts DB : The relation between the basal metabolism and 
the endogenous nitrogen metabolism, with particular refer-
ence to the estimation of the maintenance requirement of 
protein. J. Nutr., 9，403-433 (1935)
６) Van Soest PJ : Nutritional Ecology of the Ruminant. O & B 
Books, Inc., Corvallis, OR (1982)
７) Sakaguchi E : Digestive Strategy of small hindgut ferment-
ers. Anim. Sci. J., 74，327-337 (2003)
８) Hintz HF : Comparisons of digestion coefficients obtained with 
cattle, sheep, rabbits and horses. Veterinarian., 6，45-51 
(1969a) 
32 岡山大学農学部学術報告　Vol｡ 104坂口　　英
９) Uden P, and Van Soest PJ : Comparative digestion of timothy 
(Phleum pratense) fibre by ruminants, equines and rabbits. 
Br. J. Nutr., 47，267-272 (1982)
10) Vander Noot GW and Gilbreath EB : Comparative digestibility 
of components of forages by geldings and steers. J. Anim. 
Sci., 31，351-355 (1970)
11) Paul-Murphy JR, Murphy CJ, Hintz HF, Meyers P and 
Schryver HF : Comparison of transit time of digesta and 
digestive efficiency of the rock hyrax, the barabados sheep 
and the domestic rabbit. Comp. Biochem. Physiol., 72A，
611-613 (1982) 
12) Keys JEJr, Van Soest PJ and Young EP : Comparative study 
of digestibility of forage cellulose and hemicellulose in rumi-
nants and nonruminants. J. Anim. Sci., 29，11-15 (1969)
13) Slade LM and Hintz HP : Comparison of digestion in horses, 
ponies and guinea pigs. J. Anim. Sci., 28，842-843 (1969)
14) Sakaguchi E, Nippashi K and Endoh G : Digesta retention and 
fibre digestion in maras (Dolicotis patagonum) and Guinea-
pigs. Comp. Biochem. Physiol., 101A，867-870 (1992) 
15) Sakaguchi E and Nabata A : Comparison of fibre digestion and 
digesta retention time between nutrias (Myocastor coypus) 
and guinea-pigs (Cavia porcellus). Comp. Biochem. 
Physiol., 103A，601-604 (1992)
16) Sakaguchi E, Itoh H, Uchida S and Horigome T : Comparison 
of fibre digestion and digesta retention time between rabbits, 
guinea-pigs, rats and hamsters. British Journal of Nutrition., 
58，149-158 (1987) 
17) Sakaguchi E and Ohmura S : Fibre digestion and digesta 
retention time in guinea-pigs (Cavia porcellus), degus 
(Octodon Degus) and Leaf-eared mice (Phyllotis darwini). 
Comp. Biochem. Physiol., 103A，787-791 (1992) 
18) Sperber I, Björnhag G and Ridderstrale Y : Function of 
proximal colon in lemming and rat. Swed. J. Agric. Res., 
13，243-256 (1983) 
19) Takahashi T and Sakaguchi E : Role of the fullow of the 
proximal colon in the production of soft and hard feces in 
nutrias, Myocastor coypus. J. Comp. Physiol., B170，531-
535 (2000) 
20) Cork SJ, Hume ID and Faichney GJ : Digestive strategies of 
nonruminant herbivores : The role of the hindgut. In : Jung 
HJG, Fahey Jr GC (eds), Nutritional Ecology of Herbivores. 
pp. 210-260. American Society of Animal Science, Savoy, IL 
(1999) 
21) Holtenius K and Bjornhag G : The colonic separation mecha-
nism in the guinea-pig (Cavia porcellus) and the chinchilla 
(Chinchilla laniger). Journal of Comp. Biochem. Physiol., 
82，537-542 (1985) 
22) Watanabe T, Yajima T and Sakata T : Regional heterogene-
ity of bacteria and their glycosidase activities across and along 
the colonic segments of rats. Let. Appl. Microbiol.,  8，29-31 
(1989)
23) Cork SJ and Warner ACI : The passage of digesta markers 
through the gut of a folivorous marsupial, the koala 
Phascolarctos cinereus. J. Comp. Physiol., 152，43-51 (1983) 
24) Chilcott MJ and Hume ID : Coprophagy and selective reten-
tion of fluid digesta : Their role in the nutrition of the common 
ringtail possum, Pseudocheirus peregrinus. Austral. 
J. Zool., 33，1-15 (1985)
25) Sakaguchi E and Hume ID : Digesta retention and fibre diges-
tion in brushtail possums, ringtail possums and rabbits. 
Comp. Biochem. Physiol., 96A，351-354 (1990)
26) Pichard DW and Stevens CE : Digesta flow of rabbit large 
intestine. Am. J. Physiol., 222，1161-1166 (1972)
27) Ruckebusch Y and Fioramonti J : The fusus coli of the rabbit 
as a pace-maker area. Experientia, 32，1023-1024 (1976) 
28) Ehrlein HJ, Reich H, Schwinger M : Colonic motility and 
transit of digesta during hard soft faeces formation in rabbits. 
J. Physiol. Lond., 338，75-86 (1983) 
29) Furuichi Y and Takahashi T : Movement of water-soluble and 
-insoluble markers in the digestive tract of rabbits. Jap. 
J. Zootech. Sci., 55，552-561 (1984)
30) Sakaguchi E : Comparative aspects of fibre digestion and 
digesta transit in cecum fermenters.  In Hindgut ｾ91, Sakata 
T and Snipes RL Ed, Senshu University Press, Tokyo Pp. 
49-69 (1991) 
31) Bjornhag G : Separation and delay of contents in the rabbit 
colon. Swed. J. Agric. Res., 2，125-136 (1972)
32) Bjornhag G : The retrograde transport of fluid in the proximal 
colon of rabbits. Swed. J. Agric. Res., 6，63-69 (1981)
33) Alexander RM : The energetics of coprophagy : a theoretical 
analysis. J. Zool. Lond., 230，629-637 (1993)
34) Kenagy GJ, Hoyt DF : Reingestion of feces in rodents and its 
daily rhythmicity. Oecologia 44，403-409 (1980)
35) Ebino KY : Studies on coprophagy in experimental animals. 
Exper. Anim., 42，1-9 (1993)
36) Levrat MA, Remesy C and Demine C : Influence of inulin on 
urea and ammonia in the rat cecum : consequences on nitro-
gen excretion. J. Nutr. Biochem., 4，351-356 (1993)
37) McNaught ML : The utilization of nonprotein nitrogen in the 
bovine rumen. 8. The nutritive value of the proteins of 
preparations of dried rumen bacteria, rumen protozoa and 
brewerｾs yeast for rats. Biochem. J., 56，151-156 (1954)
38) Bergen WG, Purser DB and Cline JH : Effect of ration on the 
nutritive quality of rumen microbial protein. J. Anim. Sci., 
27，1497-1501(1968) 
39) Eden A : Coprophagy in the rabbit : Origin of “night” feces. 
Nature (London) 145，628-629 (1940)
40) Kurwick R, Struglia L and Pearson PB : The effect of 
coprophagy on the excretion of B vitamins by the rabbit. 
J. Nutr., 49，639-645 (1953)
41) Pehrson A : Caecotrophy in caged mountain hares (Lepus 
timidus). J. Zool., 199，563-574 (1983) 
42) Bjornhag G : Comparative aspects of digestion in the hindgut 
of mammals. The colonic separation method (CSM). Deuts. 
Tierarztl. Wochenschr., 94，33-36 (1987)  
43) Hoover WH and Heitmann RN : Effects of dietary fiber levels 
on weight gain, cecal volume and volatile fatty acid produc-
tion in rabbits. J. Nutr., 102，375-380 (1972) 
44) Hintz HF : Effect of coprophagy on digestion and mineral 
excretion in the guinea pig. J. Nutr., 99，375-378 (1969b)
45) Takahashi T and Sakaguchi E : Behaviors and nutritional 
importance of coprophagy in captive adult and young nutrias 




47) Xiao L, Xiao M, Tsuzuki Y and Sakaguchi E : Effect of indi-
gestible sugars on nitrogen utilization in adult rabbits. Anim. 
33ウサギはなぜ糞を食べる？February 2015
Sci. J., 82，296-301 (2011)
48) Kennedy C, Palmer LS : The fundamental food requirements 
for the growth of the rat. 4. Coprophagy as a factor in the 
nutrition of the rat. J. Biol. Chem., 76，607-621 (1927)
49) Ebino KY, Amano H, Suwa T, Kuwabara Y, Saito TR and 
Takahashi KW : Coprophagy in the germfree mouse. Exp. 
Anim., 36，273-276 (1987)
50) Ikeda S, Sukemori S, Kurihara Y and Ito S : Changes in the 
frequency of coprophagy according to the growth of rats. 
Jap. J. Livest. Manag., 34，71-75 (1999) 
51) Sukemori S, Ikeda S, Kurihara Y and Ito S : Comparison of 
three types of equipment for preventing coprophagy in rats. 
Jap. J. Livest. Manag., 36，69-75 (2000)
52) Ensminger ME and Olentine CGJr : Feeds and Nutrition-
complete. 922, 974, 1002, The Ensminger Publ. Co (1978) 
53) Alexander F and Chowdhury AK : Digestion in the rabbitｾs 
stomach. Br. J. Nutr., 12，65-73 (1958)
54) Sakaguchi E, Kaizu K and Nakamichi M : Fibre digestion and 
digesta retention from different physical forms of the feed in 
the rabbit. Comp. Biochem. Physiol., 102A，559-563 (1992) 
55) Gioffre F, Gisgerti C, Angerini A and Proto V : Feeding 
behaviour, cecotrophy and digestibility in cecectomized rabbit 
at different interval from surgery and with different diets. 
Zootech. Nut. Anim., 7，371-384 (1980)
56) de Blas JC, Satoma G, Carabano R and Fraga MJ : Fiber and 
starch levels in fattening rabbit diets. J. Anim. Sci., 63，
1897-1904 (1986) 
57) Pote LM, Cheeke PR and Patton NM : Utilization of diets high 
in alfalfa meal by weanling rabbits. J. Appl. Rabbit Res., 3，
5-10 (1980) 
58) Morisse JP, Boilletor E and Maurice R : Alimentation et 
modifications du milieu intestinal chez le lapin (AGV, NH3, 
pH, Flore). Rec. Med. Veter., 161，443-449 (1985) 
59) National Research Council (NRC) : Nutrient Requirement of 
Rabbits, 2nd ed. National Academy of Science, Washington, 
D.C. (1977)
60) Cheeke PR and Amberg JW : Protein nutrition of the rabbit. 
Nutr. Rep. Internat., 5，259-226 (1972) 
61) Robinson KL, Cheeke PL and Patton NM : Effect of preven-
tion of coprophagy on the digestibility of High-forage and 
High-concentrate diets by rabbits. J. Appl. Rabbit Res.,  8，
57-59 (1985) 
62) Forsythe SJ and Parker DS : Ammonia-nitrogen turnover in 
the rabbit caecum and exchange with plasma urea-N. Br. 
J. Nutr., 54，285-294 (1985)
63) Knutson RS, Francis RS, Hall JL, Moore BH and Heisinger 
JF : Ammonia and urea distribution and urea activity in the 
gastrointestinal tract of rabbits (Oryctolagus and Sylvilagus). 
Comp. Biochem. Physiol., 58A，151-154 (1977)
64) Vialad V : Endogenous urea as a nitrogen source for microor-
ganisms of the rabbit digestive tract. Annal. Nutr. Metab., 
28，151-155 (1984)
65) Younes H, Garleb K, Behr S, Remesy C and Demine C : 
Fermentable fibers of oligosaccharides reduce urinary nitro-
gen excretion by increasing urea disposal in the rat cecum. 
J. Nutr., 125，1010-1016 (1995)
66) Mourao JL, Pinheiro V, Alves A, Guedes CM, Pinto 
L, Saavedra MJ, Spring P and Kocher A : Effect of mannan 
oligosaccharides on the performance, intestinal morphology 
and cecal fermentation of fattening rabbits. Anim. Feed Sci. 
Technol., 126，107-120 (2006) 
67) Volek Z, Marounek M and Skrivanova V : Effect of a starter 
diet supplementation with mannan-oligosaccharide or inulin on 
health status, caecal metabolism, digestibility of nutrients 
and growth of early weaned rabbits. Animal., 1，523-530 
(2007) 
68) Hanieh H and Sakaguchi E : Effect of D-mannitol on feed 




70) Xiao M., Xiao L., Hiura S., Kawasaki K., Xiao J. and 
Sakaguchi E : Effect of D-mannitol on nitrogen retention, 
fiber digestibility and digesta transit time in adult rabbits. 
Anim. Sci. J., 84，551-555 (2013)
71) Xiao L, Xiao M, Jin X, Kawasaki K, Ohta N and Sakaguchi 
E : Transfer of blood urea nitrogen to cecal microbial nitrogen 
is increased by mannitol feeding in growing rabbits fed timo-
thy hay diet. Animal., 6，1757-1763 (2012b) 
72) Xiao M, Xiao L, Hiura S, Kawasaki K, Jin X and Sakaguchi 
E : Transfer of blood urea nitrogen to cecal microbes and 
nitrogen retention in mature rabbits are increased by dietary 
fructooligosaccharides. Anim. Sci. J., 85，670-677 (2014)
73) Kawasaki K., Xiao M., Nishiyama A. and Sakaguchi E : 
Effect of fructo-oligosaccharide on nitrogen utilization in 
guinea pigs. Anim. Sci. J., 84，328-333 (2013) 
74) King JOL : Urea as a protein supplement for growing rabbits. 
Br. Veterin. J., 127，523-528 (1971) 
75) Cheeke PR : Nutrient requirements of rabbits. Feedstuffs., 
44，28-28 (1972) 
76) Lebas F and Colin M : Effet de lｾaddition dｾuree a un regime 
pauvre en proteins chez le lapin en croissance. Ann. 
Zootech., 22，111-113 (1973)
77) Teleki J, Szegebi B and Juhasz B : Effect of feed mixtures 
and urea supplementation on the protein metabolism of 
angora rabbits. Allot. Takarm., 32，165-169 (1983) 
78) Robinson KL, Cheeke PL, Mathius IW and Patton NM : 
Effect and age and cecotrophy on urea utilization by rabbits. 
Journal of Applied Rabbit Research., 9，76-79 (1986) 
79) Proto V and Gioffre F : La ciecotrofia nel coniglio con partico-
lare riferimento al significato nutrizionale proteico del cie-
cotrofo. Coniblicoltura., 23，41-43 (1986) 
80) Xiao L, Xiao M, Jin X, Kawasaki K, Ohta N and Sakaguchi 
E : Utilization of dietary urea nitrogen is stimulated by 
D-mannitol feeding in rabbits. Anim. Sci. J., 83，605-609 
(2012a) 
34 岡山大学農学部学術報告　Vol｡ 104坂口　　英
